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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized 
by the Reservoirs Sectional Committee had been approved by the River Valley Division 
Council. 

Sedimentation of reservoirs is a natural phenomenon and is a matter of vital concern for sto- 
rage projects in meeting the various demands, like irrigation, hydro-electric power, flood 
control, etc, since it affects the useful capacity of the reservoirs based on which the projects 
are expected to be productive for a design period. Further the sediment deposition adds to the 
forces on structures in dams, spillways, etc. 

The rate of sedimentation will depend largely on the annual sediment load carried by the stream 
and the extent to which the same will be retained in the reservoir. This in turn, depends upon 
a number of factors; such as the area and nature of the catchment, land use pattern ( cultivation 
practices, grazing, logging, construction activities and conservation practices ), rainfall pattern, 
storage capacity, period of storage in relation to the sediment load of the stream, particle size 
distribution in the suspended sediment, channel hydraulics, location and size of sluices, outlet 
works, configuration of the reservoir, and the method and purpose of releases through the dam. 
Therefore, attention is required to each one of these factors for the efficient control of sedi- 
mentation of reservoirs with a view to enhancing their useful life. Because of the limited data 
available, the recommendations are only of general character. 

This standard was first prepared in 1972. It is being revised now to update its contents in line 
with the current experience and practices. The important changes include incorporating addi- 
tional points in the design of reservoirs. 

For the purpose of deciding whether a particular requirement of this standard is complied with 
the final value, observed or calculated, expressing the result of a test for analysis, shall be 
rounded off in accordance with IS 2 : 1960 'Rules for rounding off numerical values ( revised )\ 
The number of significant places retained in the rounded off value should be the same as that of 
the specified value in this standard. 
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Indian Standard 



CODE OF PRACTICE FOR CONTROL OF 
SEDIMENT IN RESERVOIRS 

( First Revision ) 



1 SCOPE 

1.1 This standard covers the various engi- 
neering measures for the control of sediment 
in reservoirs. 

1.2 It does not cover the agronomical and 
forestry measures in detail for the control of 
watershed erosion and the situations arising 
out of landslides, avulsions, etc, in the reser- 
voir. 

2 REFERENCE 

The Indian Standards listed in Annex A are 
necessary adjuncts to this standard. 

3 GENERAL 

3.1 Where a reservoir is large in comparison 
to the annual run-off from the catchment area 
(large capacity inflow ratio), all the water- 
borne sediment carried by the run-off water 
may be deposited in the bed of the reservoir. 
The bed load may generally deposit along the 
thalweg or pre-reservoir course, but the sus- 
pended sediment which takes a long time to 
settle will spread more evenly all over the 
reservoir bed. A small amount of sediment 
deposit in the reservoir may be removed by the 
water drawn off through sluice outlets, but 
such action is generally local. 

3.1.1 When the run-off of the catchment of 
reservoir is large in comparison to the reser- 
voir capacity ( small capacity inflow ratio ), 
the reservoir discharges the surplus freely for 
long periods, and it is possible that a consi- 
derable proportion of the sediment in suspen- 
sion may be passed off with the surplus water, 
but the bed load and a part of suspended 
sediment will be deposited in the reservoir bed. 

3.2 The probable rate of sedimentation in any 
proposed reservoir may be estimated in the 
following ways: 

a) On the basis of sedimentation in existing 
reservoirs with similar catchment cha- 
racteristics, the sedimentation deposits 
of which have been surveyed over a 
sufficiently long period. 



b) From the observations of sediment load 
carried by the streams. 

c) From predictions on the basis of total 
erosion, its transportability and reservoir 
trap efficiency. 



4 METHODS FOR 
SEDIMENTATION 



CONTROLLING THE 



4.1 There are several factors involved in con- 
trolling sedimentation in reservoirs and they 
relate to aspects on: (a) design of reservoir, 
(b) control of sediment inflow, (c) control by 
outlet works. All these aspects are to be simul- 
taneously taken note of and appropriate 
methods adopted. 

4.2 Design of Reservoirs 

The capacity of reservoirs is governed by a 
number of factors which are covered in IS 
5477 ( Parts 1 to 4 ). From the point of view of 
sediment deposition, the following points may 
be given due consideration: 

a) The sediment yield which depends on 
the topographical, geological and geo- 
morphological set up, meteorological 
factors, land use/land cover, intercepting 
tanks, etc; 

b) Sediment delivery characteristics of the 
channel system; 

c) The efficiency of the reservoir as sedi- 
ment trap; 

d) The ratio of capacity of reservoir to the 
inflow; 

e) Configuration of reservoir; 

f) Method of operation of reservoir; 

g) Provisions for silt exclusion. 

4.2.1 The rate of sediment delivery increases 
with the volume of discharge. 

4.2.2 The percentage of sediment trapped by 
a reservoir with a given drainage area increases 
with the increased capacity. In some cases an 
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increased capacity will however, ^ result in 
greater loss of water due to evaporation. How- 
ever, with the progress of sedimentation, there 
is decrease of storage capacity which in turn 
lowers the trap efficiency of the reservoir. 

4.2.3 The capacity of the reservoir and the size 
and characteristics of the reservoir and its 
drainage area are the most important factors 
governing the annual rate of accumulation of 
sediment. Periodical reservoir sedimentation 
surveys provide guidance on the rate of sedi- 
mentation. In the absence of observed data for 
the reservoir concerned, data from other 
reservoirs of similar capacity and catchment 
characteristics may be adopted. 

4.2.4 Silting takes place not only in the dead 
storage but also in the live storage space in the 
reservoir. The practice for design of reservoir 
is to use the observed suspended sediment data 
available from key hydrological networks and 
also the data available from hydrographic sur- 
veys of other reservoirs in the same region. 
This data be used to simulate sedimentation 
status over a period of reservoir life as men- 
tioned in IS 12182: 1987. 

4.2.5 Raising the Dam at Periodic Intervals 

Engineering economic analysis of some reser- 
voir projects probably would show that it is 
cheaper to build a substantially lower dam 
initially, and to raise it at intervals until its 
ultimate height for the given original capacity 
so that long useful life may result. Stage con- 
struction also provides lower trapping efficiency 
and less evaporation in the initial stages. 
However, this method may not be feasible in 
all the existing dams. Wherever this method 
is contemplated, proper consideration should 
be given on the strength of the existing founda- 
tion for the proposed ultimate height. 

4,3 Control of Sediment Inflow 

There are many methods for controlling sedi- 
ment inflows and they can be divided as under: 

a) Watershed management/soil conservation 

measures to check production and trans- 
port of sediment in the catchment area. 

b) Preventive measures to check inflow of 
sediment into the reservoir. 

4.3.1 The soil conservation measures are fur- 
ther sub-divided as: 

a) Engineering, 

b) Agronomy, and 

c) Forestry. 



4.3.1.1 The engineering methods include: 

a) Use of check dams formed by building 
small barriers or dykes across stream 
channels. 

NOTE — Check dams are sometimes known as 

setting basin or sedimentation basin. 

b) Contour bounding and trenching; 

c) Gully plugging; 

d) Bank protection. 

4.3.1.2 The agronomic measures include esta- 
blishment of vegetative screen, contour farming, 
strip cropping and crop rotation. 

4.3.1.3 Forestry measures include forest con- 
servancy, control on grazing, lumbering, 
operations and forest fires along with manage- 
ment and protection of forest plantations. 

4.3.2 Preventive measures to check inflow of 
sediment into the reservoir include construction 
of by-pass channels or conduits. 

4.3.3 Check Dams 

a) They help arrest degradation of stream 
bed thereby arresting the slope failure; 

b) They reduce the velocity of stream flow, 
thereby causing the deposition of the 
sediment load. 

Check dams become necessary, where the 
channel gradients are steep and there is a heavy 
inflow of sediment from the watershed. They 
are constructed of local material like earth, 
rock, timber, etc. These are suitable for small 
catchment varying in size from 40 to 400 
hectares. It is necessary to provide small check 
dams on the subsidary streams flowing into the 
main streams besides the check dams in the 
main stream. Proper consideration should be 
given to the number and location of check 
dams required. It is preferable to minimize the 
height of the check dams. If the stream hao a 
very steep slope, it is desirable to start with a 
smaller height for the check dams than may 
ultimately be necessary. 

4.3.3.1 Check dams may generally cost more 
per unit of storage than the reservoirs they 
protect. Therefore, it may not always be possi- 
ble to adopt them as a primary method of 
sediment control in new reservoirs. However, 
feasibility of providing check dams at a later 
date should not be overlooked while planning 
the protection ofa new reservoir. 
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4.3.4 Contour Bunding and Trenching 

These are important methods of controlling 
soil erosion on the hills and sloping lands, 
where gradients of cultivated fields or terraces 
are flatter, say up to 10 percent. By these 
methods the hill side is split up into small com- 
partments on which the rain is retained and 
surface run-off is modified with prevention of 
soil erosion. In addition to contour bunding, 
side trenching is also provided sometimes. 

4.3.5 Gully Plugging 

This is done by small rock fill dams. These 
dams will be effective in filling up the gullies 
with sediment coming from the upstream of 
the catchment and also prevent further widen- 
ing of the gully. 

4.3.6 Bank Protection 

This is achieved by terracing, revetment, 
retaining walls, gabions and spurs. 

4.3.7 By-Pass Canals, Tunnels and Conduits 

The various methods in this category require 
the construction of some type of diversion dam 
or weir at the head of the reservoir basin, and 
a canal, tunnel or conduit leading around the 
reservoir to a point below the dam where the 
flow may re-enter the main channels. In such 
cases the flood flows of sediment laden water 
are by-passed to the downstream of the dam. 
In some cases where topography permits off- 
channel reservoirs can be considered. These 
reservoirs will invariably have a forebay and 
check dam on the upstream for trapping the 
sediment. The stored water in the forebay is 
led to the reservoir and the sediment trapped 
is flushed through by by-pass channel/conduit/ 
tunnel to the main channel downstream of the 
dam. 

4.4 Control of Sediment Deposition 

The deposition of sediment in a reservoir may 
be controlled to a certain extent by designing 
and operating gates or other outlets in the dam 
in such a manner as to permit selective with- 
drawals of water having a higher than average 
sediment content. The suspended sediment 
content of the water in reservoirs is higher 
during and just after flood flow. Thus, more 
the water wasted at such times, the smaller will 
be the percentage of the total sediment load 
to settle into permanent deposits. There are 
generally two methods: (a) density currents, and 
(b) waste-water release, for controlling the 
deposition and both will necessarily result in 
Joss of water. 



4.4.1 Density Current 

Water at various levels of a reservoir often 
contains radically different concentrations of 
suspended sediment particularly during and 
after flood flows and if all waste-water could be 
withdrawn at those levels where the concentra- 
tion is highest, a significant amount of sediment 
might be removed from the reservoir. Because 
a submerged outlet draws water towards it 
from all directions, the vertical dimension of 
the opening should be small with respect to the 
thickness of the layer and the rate of with- 
drawal also should be low. With a view to 
passing the density current by sluices that 
might be existing, it is necessary to trace the 
movement of density currents and observation 
stations ( consisting of permanently anchored 
rafts from which measurements could be made 
of temperature and conductivity gradient from 
the surface of the lake to the bottom, besides 
collecting water samples at various depths ) at 
least one just above the dam and two or more 
additional stations in the upstream ( one in the 
inlet and one in the middle ) should be located. 

4.4.2 Waste-Water Release 

Controlling the sedimentation by controlling 
waste-water release is obviously possible only 
when water can be or should t>e wasted. This 
method is applicable only when a reservoir is 
of such size that a small part of large flood 
flows will fill it. 

In the design of the dam, sediment may be 
passed through or over it as an effective method 
of silt control by placing a series of outlets at 
various elevations. The percentage of total 
sediment load that might be ejected from the 
reservoir through proper gate control will differ 
greatly with different locations. It is probable 
that as much as 20 percent of the sediment 
inflow could be passed through many reservoirs 
by venting through outlets designed and con- 
trolled. 

4.4.3 Scouring Sluicing 

This method is somewhat similar to both the 
control of waste-water release and the draining 
and flushing methods ( see 4.4.2 and 4.5.3 ). 
The distinction amongst them are the 
following: 

a) The waste-water release method ejects 
sediment laden flood flows through deep 
spillway gates or large undersluices 
at the rate of discharge that prevents 
sedimentation. 
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b) Drainage and flushing method involves 
the slow release of stored water from the 
reservoir through small gates or valves 
making use of normal or low flow to 
entrain and carry the sediment, and 

c) Scouring sluicing depends for its effici- 
ency on either the scouring action 
exerted by the sudden rush of impounded 
water under a high head through under- 
sluices or on the scouring action of high 
flood discharge coming into the reser- 
voir. 

4.4.3.1 Scouring sluicing method can be used 
in the following: 

a) Small power dams that depend to a great 
extent on pondage but not on storage; 

b) Small irrigation reservoirs, where only a 
small fraction of the total annual flow 
can be stored; 

c) Any reservoir in narrow channels, gorges, 

etc, where water wastage can be afforded; 
and 

d) When the particular reservoir under 
treatment is a unit in an interconnected 
system so that the other reservoirs can 
supply the water needed. 

4.5 Removal of Sediment Deposit 

The most practical means of maintaining the 
storage capacity are those designed to prevent 
accumulation of permanent deposits as the 
removal operations are extremely expensive, 
unless the material removed is usable. There- 
fore, the redemption of lost storage by removal 
should be adopted as a last resort. The removal 
of sediment deposit implies in general, that the 
deposits are sufficiently compacted or conso- 
lidated to act as a solid and, therefore, are 
unable to flow along with the water. The remo- 
val of sediment deposits may be accomplished 
by a variety of mechanical and hydraulic or 
methods, such as excavation, dredging, siphon- 
ing, draining, flushing, flood sluicing, and 
sluicing aided by such measures as hydraulic 
or mechanical agitation or blasting of the sedi- 
ment. The excavated sediments maybe suitably 
disposed off so that, these do not find the 
way again in the reservoir. 

4.5.1 Excavation 

The method involves draining most of or all 
the water in the basin and removing the 
sediment by hand or power operated shovel, 
dragline scraper or other mechanical means. 



The excavation of silt and clay which 
constitute most of the material in larger reser- 
voirs is more difficult than the excavation 
of sand and gravel. Fine-textured sediment 
cannot be excavated easily from larger reser- 
voirs unless it is relatively fluid or relatively 
compact. 

4.5.2 Dredging 

This involves the removal of deposits from the 
bottom of a reservoir and their conveyance to 
some other point by mechanical or hydraulic 
means, while water storage is being maintained. 
Dredging practices are grouped as: 

a) Mechanical dredging by bucket, ladder, 
etc; 

b) Suction dredging with floating pipeline 
and a pump usually mounted on a 
barrage; and 

c) Siphon dredging with a floating pipe 
extending over the dam or connected to 
an opening in the dam and usually with 
a pump on a barrage. 

NOTES 

1 Practicality of the two methods, namely, excava- 
tion and dredging, requires to be carefully consi- 
dered in any particular case. 

2 Suitable measures to prevent deposition of the 
dredged silt in the natural channel where it is 
discharged need to be adopted. 



4.5.3 Draining and Flushing 

The method involves relatively slow release of 
all stored water in a reservoir through gates or 
valves located near bottom of the dam and 
the maintenance thereafter of open outlets for 
a shorter or longer period during which normal 
stream flow cuts into or directed against the 
sediment deposits. Therefore, this method may 
be adopted in flood control reservoirs. 

4.5.4 Sluicing with Controlled Water 

This method differs from the flood sluicing in 
that the controlled water supply permits choos- 
ing the time of sluicing more advantageously 
and that the water may be directed more 
effectively against the sediment deposits. While 
the flood sluicing depends either on the occur- 
rence of flood or on being able to release 
rapidly all of a full, or nearly full supply of 
water in the main reservoir is empty. The 
advantage of this method is that generally more 
sediment can be removed per unit of water 
used than in flood scouring or draining and 
flushing. 
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4.5.5 Sluicing 
Agitation 



with Hydraulic and Mechnical 



Methods that stir up, break up or move deposits 
of a sediment into a stream current flowing 
through a drained reservoir basin or into a lake 
current moving through and out of a full reser- 
voir will tend to make the removal of sediment 



from the reservoir more complete. Wherever 
draining, flushing or sluicing appear to be 
warranted, the additional use of hydraulic 
means for stirring up the sediment deposits, 
or sloughing them off, into a stream 
flowing through the reservoir basin should 
be considered. It has, however, limited 
application. 
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